.
. As Pti1 is itself predicted to be a serine/threonine kinase (Zhou et al., 1B; Martin et al., 1993b) . Positioning the ends of these YACs on the genetic map led us to focus on two markers, 1995), it appears that the pathway for defense against Pst may incorporate a protein kinase cascade similar to VC168S and TG538, which mapped to 0.04 and 0.00 cM from the Pto locus, respectively ( Figure 1A ). These those employed in numerous other eukaryotic signaling pathways (Hunter, 1995) . markers were used as probes to isolate corresponding cosmids from libraries of 76R (Pto Prf/Pto Prf) and VFNT The second gene required for resistance of tomato to Pst, designated Prf, was identified through a mutational Cherry (pto Prf/pto Prf) DNAs (Experimental Procedures). Cosmid walking from these starting points reapproach and was shown to be tightly linked to Pto (Salmeron et al., 1994 (Salmeron et al., 1994) . Analysis of additional prf ϫ pto quantitate the level of resistance conferred by pSOR2-7, we monitored the growth of T1 (avrPto) in the transgenic F 2 individuals allowed us to assign Prf to a distance of no more than 0.12 cM from Pto (see Experimental plants. Transgenic plants containing pSOR2-7 displayed a 10000-fold reduction in bacterial growth relaProcedures). Given the estimated ratio of 220 kb/cM for the region around Pto, as derived from analysis of a tive to untransformed prf-3 plants ( Figure 3G ). This level of the 1 kb deletion in prf-3 to SOR2 provided strong evidence that the Prf coding region lay at least partially If pSOR2-7 contained the Prf gene, then it would also be predicted to confer Fenthion sensitivity to prf-3 tomawithin SOR2. To identify genes expressed from the SOR2 region that would be candidates for the Prf gene, toes. Transgenic lines were treated with Fenthion and reactions scored after 4 days. Whereas prf-3 tomatoes cDNA libraries constructed from lines 76R and VFNT Cherry were probed with SOR2. Clones of 1.1 and 1.2 and pSOR1-3 transformants showed no symptoms following Fenthion treatment, pSOR2-7 transformants dekb, respectively, were the longest isolated from each library and were selected as candidate clones for the veloped necrotic specks at least as severe as those observed on wild-type 76R plants ( Figures 3D and 3F) .
Prf gene. Analysis of the cDNA clones indicated that the 3Ј ends These results indicate that pSOR2-7 contains a gene or genes conferring both Pst(avrPto) resistance and Fenmapped within a 3.8 kb EcoRI fragment downstream of SOR2 and that the clones were partial cDNAs, each thion sensitivity in tomato.
To confirm that disease resistance and Fenthion containing a single open reading frame extending completely to the 5Ј end of the insert. Therefore, we sesensitivity in the transgenic plants was conferred by pSOR2-7, pSOR2-7 transformants were test-crossed to quenced the entire SOR2 fragment plus 1.05 kb downstream (to a point corresponding to the ends of the prf-3 mutant plants. Progeny were analyzed for resistance to Pst strains expressing avrPto and inheritance cDNA clones) from both 76R and VFNT Cherry DNAs. Primers corresponding to sequences throughout SOR2 of transformed DNA from the vector pCDL04541. A strict correlation between the two traits was observed, indiwere then used to amplify the complete transcribed region of Prf from reverse-transcribed 76R mRNA, using cating that the phenotypes of the transformants were conferred by the introduced cosmid DNA ( Figure 3I ).
both reverse transcription-polymerase chain reaction 1231, respectively. Beginning at residue 1398 is a sequence resembling leucine-rich repeat domains with approximately 14-18 imperfect copies of the leucinerich repeat motif with a consensus sequence of LXXLXXLXXLXLXXN/CXXLXXIPSX ( Figure 5C ). Other notable features of the Prf protein that are shared by other resistance gene products include a putative leucine zipper, with five complete heptads, which spans residues 959-994. The block of residues from 716-858 comprise two copies of a direct repeat, with 49% amino acid identity between the two copies ( Figure 5D ). Also present is a string of seven amino acids ( prf-19 contained a wild-type sequence to amino acid 860, continuing thereafter with Gly and Ser residues Nucleotide Sequence of the Prf Gene before terminating ( Figure 5A ). These results were based and Analysis of Mutant Alleles on the nucleotide sequence of the SOR2 region and did The insert of pBS-Prf, along with the 5Ј RACE products, not include the entire 5Ј end of the gene. It is possible was sequenced and allowed us to predict that the prf that other mutations also lie within this region. In combigene encodes an 1824 amino acid protein of 209.7 kDa nation with the complementation data described above, ( Figure 5B ). Analysis of the Prf amino acid sequence the identification of genetic alterations in four prf mutant shows that the protein falls into the class of resistance alleles provides additional evidence that the cDNA we gene products recently identified in numerous plant spehave isolated corresponds to the Prf gene. cies that contain putative nucleotide binding sites and leucine-rich repeats. Of the three motifs comprising the predicted ATP/GTP binding site, the "P-loop" domain Homology of Prf to Genes in Other Plants DNA gel blot analysis indicated that a fragment or fragoccurs at residues 1120-1132, followed by the companion kinase domains 2 and 3a at 1195-1205 and 1224-ments homologous to Prf exist in many plant species Figure 1D ) by PCR also members of the first protein subclass, perhaps reflecting a common mechanism by which the elicitors amplification of the respective genes from cosmid DNAs, using gene-specific primers. Genes were asproduced under control of the corresponding avirulence genes are presented or perceived. signed to individual restriction fragments by probing restricted cosmid DNAs with both the resulting PCR The fact that proteins that function in resistance to a diverse range of pathogens share a common framework fragments and the cloned Pto and Fen genes. These data have recently been confirmed by preliminary seis encouraging for the prospect of engineering novel resistance specificities. However, a much deeper underquence analysis of the Prf/Pto region (D. T. L. and R. M. Michelmore, unpublished data). The summary of our standing of the mechanisms of resistance will probably be required before such an ultimate goal can be fulfilled. results is depicted in Figure 1D . The 3Ј end of the Prf It is curious that among the relatively large number of resistance genes now cloned from a variety of plant species, only one other pathway besides the Prf/Pto pathway has been demonstrated to involve both an LRR-containing protein and a protein kinase. This is the pathway involved in resistance of rice to bacterial blight, where the Xa21 gene confers resistance to the causal agent Xanthomonas oryzae (Song, et al., 1995) . This example is remarkable in that the LRR and kinase domains both reside on the Xa21 protein (Song, et al.,  1995) . Possibly, the Prf and Pto proteins are derived from an ancestral tomato resistance factor in which these domains were fused. The physical proximity between the Prf and Pto genes is intriguing and suggests the possibility of such an evolutionary relationship. Are the Prf/Pto and Xa21 pathways unique in their utilization of .) . To obtain the sequence of the Prf genomic of VC111.C6, and clones VC168.G12, RG269.D3, RG669.C9, and clones, the 5 kb SOR2 fragment was excised from cosmids R207 RG675.C2 were found to contain TG538. YAC ends were subcloned (from resistant tomato) and pSOR2-7 (susceptible tomato), cut with and mapped relative to other YACs and to the Pto gene to construct HindIII, subcloned into pBluescript KS(plus), and sequenced as dea contig across the Prf/Pto region ( Figure 1B) . Additional markers scribed above. Subclones of mutant prf alleles were amplified from tightly linked to Pto were derived by subcloning fragments from the genomic DNAs using Prf-specific primers, ligated into pCRII (Incontig and mapped by probing the 76R ϫ 76S F2 population. In this vitrogen), and sequenced. way, RFLP marker VC168S (a copy of the repetitive right end of YAC VC5.C2) was mapped to 0.035 cM from Pto, and marker TG538 was mapped to 0.00 cM of Pto. 
